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(57) ABSTRACT 

When forming Sophisticated semiconductor devices includ 
ing metal pillars arranged on contact pads, which may com 
prise aluminum, device performance and reliability may be 
improved by avoiding exposure of the contact pad material to 
the ambient atmosphere, in particular during and between 
dicing and packaging processes. To this end, the contact pad 
material may be covered by a protection layer or may be 
protected by the metal pillars itself, thereby concurrently 
improving mechanical stress distribution in the device. 
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SEMCONDUCTORDEVICE WITH 
IMPROVED METAL, PLLAR 

CONFIGURATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Generally, the present disclosure relates to integrated cir 

cuits, and, more particularly, to techniques for improving 
contact structures providing electrical and thermal chip-pack 
age connections. 

2. Description of the Related Art 
Semiconductor devices are typically formed on Substan 

tially disc-shaped Substrates made of any appropriate semi 
conductor material. The majority of semiconductor devices 
including highly complex electronic circuits are currently 
and, in the foreseeable future, will be manufactured on the 
basis of silicon, thereby rendering silicon Substrates and sili 
con-containing Substrates, such as SOI (silicon-on-insulator) 
Substrates, viable base materials for forming semiconductor 
devices, such as microprocessors, SRAMs, ASICs (applica 
tion specific ICs), systems on chip (SoC) and the like. The 
individual integrated circuits are arranged in an array on the 
wafer, wherein most of the manufacturing steps, which may 
involve several hundred and more individual process steps in 
Sophisticated integrated circuits, are performed simulta 
neously for all chip areas on the Substrate, except for photo 
lithography processes, metrology processes and packaging of 
the individual devices after dicing the substrate. Thus, eco 
nomical constraints drive semiconductor manufacturers to 
steadily increase the Substrate dimensions, thereby also 
increasing the area available for producing actual semicon 
ductor devices and thus increasing the number of devices per 
substrate. 

In addition to increasing the Substrate area, it is also impor 
tant to optimize the utilization of the Substrate area for a given 
Substrate size so as to actually use as much Substrate area as 
possible for semiconductor devices and/or test structures that 
may be used for process control. In the attempt to maximize 
the useable Surface area for a given Substrate size, the feature 
sizes of circuit elements are steadily scaled down. Due to this 
ongoing demand for shrinking the feature sizes of the circuit 
elements of highly Sophisticated semiconductor devices and 
consequently also of the structures connecting the circuit 
elements, copper in combination with a low-k dielectric 
material has become a frequently used alternative in the for 
mation of the so-called interconnect structures comprising 
metal line layers and inter-mediate via layers that include 
metal lines as intra-layer connections and vias as inter-layer 
connections, which commonly connect individual circuit ele 
ments to provide the required functionality of the integrated 
circuit. Typically, a plurality of metal line layers and via 
layers stacked on top of each other is necessary to realize the 
connections between all internal circuit elements and to pro 
vide the required I/O (input/output), power and ground con 
tact pads of the circuit design under consideration. The 
stacked metal line layers and via layers form a metallization 
system, wherein the contact pads may be formed in or on the 
upper or last metallization layer and may comprise any appro 
priate metal or alloy comprising, e.g., aluminum, copper, 
platinum, gold or silver. A passivation system comprising 
silicon nitride, silicon oxide, silicon carbide and/or organic 
passivation layers such as, e.g., polyimide, may be formed 
above the metallization system and on the contact pads. An 
opening is formed in the passivation system by well-estab 
lished lithography and etching techniques so that the contact 
pads are at least partially exposed to allow for electrically and 
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2 
thermally connecting the device, e.g., with a package Sub 
strate. The exposed contact pad material, however, may be 
adversely affected, e.g., by the ambient atmosphere during 
and between dicing and packaging processes, in particular 
when sensitive materials such as copper and aluminum are 
employed. 

For extremely scaled integrated circuits, the signal propa 
gation delay is no longer limited by the circuit elements. Such 
as field effect transistors and the like, but is limited, owing to 
the increased density of circuit elements requiring an even 
more increased number of electrical connections, by the close 
proximity of the metal lines, since the line-to-line capacitance 
is increased in combination with a reduced conductivity of the 
lines due to a reduced cross-sectional area. For this reason, 
traditional dielectrics such as silicon dioxide (k-4) and sili 
con nitride (k-7) are replaced by dielectric materials having a 
lower permittivity, which are, therefore, also referred to as 
low-k dielectrics having a relative permittivity of 3 or less. 
However, the density and mechanical stability or strength of 
the low-k materials may be significantly less compared to the 
well-approved dielectrics silicon dioxide and silicon nitride. 
As a consequence, during the formation of the metallization 
system and any Subsequent manufacturing processes of inte 
grated circuits, production yield may depend on the mechani 
cal characteristics of sensitive dielectric materials, such as 
low-k and ultra low-k (ULK) dielectric layers, and their adhe 
sion to other materials. 

In addition to the problems of reduced mechanical stability 
of advanced dielectric materials having a dielectric constant 
of 3.0 and significantly less, device reliability may be affected 
by these materials during operation of sophisticated semicon 
ductor devices due to an interaction between the chip and the 
package caused by a thermal mismatch of the corresponding 
thermal expansion of the different materials. For instance, in 
the fabrication of complex integrated circuits, increasingly a 
contact technology may be used in connecting the package 
carrier to the chip, which is known as flip chip packaging 
technique. Contrary to the well-established wire bonding 
techniques in which appropriate contact pads may be posi 
tioned at the periphery of the very last metal layer of the chip, 
which may be connected to corresponding terminals of the 
package by a wire, in the flip chip technology, a respective 
bump structure may be formed on the last metallization layer, 
for instance comprised of a solder material, which may be 
brought into contact with respective contact pads of the pack 
age. Thus, after reflowing the bump material, a reliable elec 
trical and mechanical connection may be established between 
the last metallization layer and the contact pads of the pack 
age carrier. In this manner, a very large number of electrical 
connections may be provided across the entire chip area of the 
last metallization layer with reduced contact resistance and 
parasitic capacitance, thereby providing the IO (input/output) 
capabilities, which may be required for complex integrated 
circuits, such as CPUs, storage memories and the like. 

During the corresponding process sequence for connecting 
the bump structure with a package carrier, a certain degree of 
pressure and/or heat may be applied to the composite device 
so as to establish a reliable connection between each of the 
bumps formed on the chip and the bumps or pads that may be 
provided on the package Substrate. The thermally or mechani 
cally induced stress may, however, also act on the lower-lying 
metallization layers, which may typically include low-k 
dielectrics or even ultra low-k dielectric materials, thereby 
significantly increasing the probability of creating defects by 
delamination of these sensitive materials due to reduced 
mechanical stability and adhesion to other materials. 
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Moreover, during operation of the finished semiconductor 
device attached to a corresponding package Substrate, also 
significant mechanical stress may occur due to a significant 
mismatch in the thermal expansion behavior of the silicon 
based semiconductor chip and the package Substrate, since, in 
Volume production of Sophisticated integrated circuits, eco 
nomic constraints typically require the usage of specified 
Substrate materials for the package, such as organic materials, 
which typically may exhibit a different thermal conductivity 
and a coefficient of thermal expansion compared to the silicon 
chip. 
The thermal and electrical performance of a “bump struc 

ture' may be further increased by providing metal pillars 
instead of solder bumps or balls, thereby reducing the 
required floor space for individual contact elements. Further 
more, the thermal and electrical conductivity may be 
enhanced due to the Superior characteristics of the employed 
metals compared to typically used solder material, in particu 
lar when metals exhibiting a high conductivity, such as, e.g., 
copper, silver or copper alloys, are used for forming the 
pillars. A semiconductor device comprising metal pillars may 
be described in more detail with reference to FIG. 1a. 

FIG. 1a schematically illustrates a cross-sectional view of 
a semiconductor device 100 comprising a conventional metal 
pillar configuration. The semiconductor device 100 may typi 
cally comprise a substrate 101, for instance a silicon substrate 
oran SOI substrate, depending on the overall configuration of 
the circuit layout and the performance of the manufactured 
integrated circuit. Moreover, a silicon-based semiconductor 
layer 102 may typically be provided above the substrate 101, 
wherein the semiconductor layer 102 may comprise a very 
large number of circuit elements, such as transistors 155, 
capacitors (not shown), resistors (not shown) and the like, as 
are required for the desired functional behavior of the inte 
grated circuit. As previously discussed, the ongoing shrink 
age of critical dimensions of circuit elements may result in 
critical dimensions of transistors on the order of magnitude of 
40 nm and significantly less in presently available Sophisti 
cated semiconductor devices produced by Volume production 
techniques. The semiconductor device 100 comprises a met 
allization system 110, which, in advanced devices, comprises 
a plurality of metallization layers 120, 130, 140, i.e., of device 
levels, in which metal lines 135 and vias 134 and possibly 
contact metal regions 145 are embedded in an appropriate 
dielectric material. As discussed above, at least a portion of 
the corresponding dielectric materials used in the various 
metallization layers is usually comprised of materials of 
reduced mechanical stability in order to reduce the parasitic 
capacitance of adjacent metal lines 135. As previously 
explained, the pillar structure 166 may be provided above the 
metallization system 110, wherein the corresponding metal 
pillars 166 are provided on a contact pad 181 formed on the 
very last metallization layer 140 of the metallization system 
110. The contact pad 181 may be encapsulated by a passiva 
tion layer 161. A metal layer system 165 comprising two or 
more sub-layers is arranged between the metal pillar 166 and 
the contact pad 181. The metal layer system 165 may com 
prise metals. Such as, e.g., titanium, copper, chromium, tung 
Sten or gold or combinations thereof, that are appropriate to 
provide a reliable interface with regard to adhesion of the 
pillar and pad materials. Furthermore, the upper layer of the 
metal layer system 165 may serve as a seed layer. The metal 
layer system 165 may further provide the required current 
distribution functionality in case the metal pillar is formed by 
electrochemical plating techniques. The pillars may be 
formed by means of a resist mask (not shown) defining the 
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4 
size and position of the pillars. The corresponding resist mask 
may be formed by well-established lithography techniques. 

After resist removal, also the exposed portions of the metal 
layer system 165 are removed by an appropriate etch chem 
istry using dry or wet etch processes, thereby exposing the 
passivation layer 161 and a portion of the contact pad 181. 
Subsequently, a further passivation layer 162 providing, in 
combination with passivation layer 161, a passivation layer 
system 160 formed on the device 100. 
The processing up to this manufacturing stage may be 

performed on the basis of the substrate 101 comprising a 
plurality of die or chip regions. Frequently, the further pro 
cessing may be continued in a remote manufacturing facility 
in which dedicated process equipment and manufacturing 
strategies are implemented so as to finalize the device, which 
typically includes dicing the Substrate into individual semi 
conductor chips and device packaging. Consequently, the 
substrate 101 may be transported to a different manufacturing 
environment which, however, may result in a certain degree 
of Surface contamination, for instance by corrosion and the 
like. 
The metal pillars may further contribute to an even more 

severe interaction between the package and the metallization 
system of the chip, since typically the metal pillars are sig 
nificantly less deformable compared to the bump structures, 
which may be advantageous in view of electrical and thermal 
behavior, which, however, may result in even increased 
mechanical stress components in a locally very restricted 
manner when the chip is connected to a package Substrate, as 
will be described in more detail with reference to FIG. 1b. 

FIG. 1b schematically illustrates a cross-sectional view of 
an integrated circuit 150 comprising a semiconductor die or 
chip 100 connected to a package substrate 170 that is sub 
stantially comprised of an organic material, such as appropri 
ate polymer materials and the like, wherein the connection 
between the chip 100 and the package substrate 170 may be 
accomplished by means of a pillar structure 166. The package 
substrate 170 comprises appropriately positioned and dimen 
sioned contact pads 190 which may be brought into contact 
with corresponding pillars or any solder material formed 
thereon, in order to establish respective mechanical and elec 
trical connections upon application of heat and/or mechanical 
pressure. Furthermore, the package substrate 170 usually 
comprises appropriate conductive lines in order to connect 
the upper portion of the pillar structure 166 with correspond 
ing terminals, which then establish an electrical interface to 
other peripheral components, such as a printed wiring board 
and the like. For convenience, any such conductive lines are 
not shown. A gap formed between the chip 100 and the 
package substrate 170 is filled by an appropriate underfill 
material 175, wherein the underfill material 175 may come in 
contact with exposed portions of the contact pads 181. 

During operation of the integrated circuit 150, heat is gen 
erated within the semiconductor chip 100, for instance caused 
by the circuit elements, e.g., transistor 155 (FIG. 1a) formed 
in and above the semiconductor layer 102. This waste heat is 
dissipated, for instance, by the metallization system 110 and 
the pillar structure 166 in a highly efficient manner and/or via 
the substrate 101, depending on the overall thermal conduc 
tivity of the substrate 101. For example, the heat dissipation 
capability of SOI substrates is significantly less compared to 
pure silicon substrates due to the reduced thermal conductiv 
ity of the buried insulating oxide layer, which separates the 
semiconductor layer 102 from the remaining Substrate mate 
rial. Thus, a major heat dissipation path is provided by the 
pillar structure 166 and the package substrate 170. Conse 
quently, a moderately high average temperature is created in 
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the semiconductor chip 100 and also in the package substrate 
170, wherein, as previously discussed, a mismatch in the 
coefficient of thermal expansion between these two compo 
nents may cause a significant mechanical stress. The package 
Substrate 170 may have an increased thermal expansion com 
pared to the semiconductor chip 100, wherein a correspond 
ing mismatch, therefore, results in a significant degree of 
thermal stress, in particular at the “interface' between the 
semiconductor chip 100 and the package substrate 170, that 
is, in particular, the pillar structure 166 and the metallization 
system 110 may experience significant sheer forces caused by 
the thermal mismatch during the operation of the integrated 
circuit 150. Due to the reduced mechanical stability and the 
reduced adhesion of sophisticated dielectric materials, corre 
sponding defects may occur, which may affect the overall 
reliability of the integrated circuit 150. In particular, the stiff 
ness of the individual pillars of the pillar structure 166 may 
result in locally high sheer forces, which are transferred into 
the entire metallization system, thereby resulting in delami 
nation defects and the like. 
The height of the metal pillars may be adjusted so that the 

spacing between the package Substrate and the chip is appro 
priate for a reliable filling in of an underfill material 175 that 
may reduce sheer forces transferred into the metallization 
system. Voids in the underfill material or insufficient adhesion 
of the underfill material 175 to the exposed portions of contact 
pads 181, however, may also contribute to a high degree of 
non-reliability, for instance caused by non-uniformities in 
heat conductivity and the like. 

Consequently, although advanced contact regimes 
between a chip and a package substrate based on metal pillars 
may provide significant advances with respect to heat dissi 
pation capabilities and electrical conductivity for a reduced 
required floor space, thereby allowing enhanced density of 
contact elements and/or dummy elements for heat dissipa 
tion, the increased mechanical stress induced in the metalli 
zation system and/or insufficient adhesion of the underfill 
material to exposed portions of contact pads 181 may not be 
compatible with the reliability requirements of the semicon 
ductor devices. 

In view of the situation described above, the present dis 
closure relates to methods and semiconductor devices in 
which a pillar structure may be provided, while avoiding or at 
least reducing one or more of the problems identified above. 

SUMMARY OF THE INVENTION 

The following presents a simplified Summary of the inven 
tion in order to provide a basic understanding of some aspects 
of the invention. This summary is not an exhaustive overview 
of the invention. It is not intended to identify key or critical 
elements of the invention or to delineate the scope of the 
invention. Its sole purpose is to present some concepts in a 
simplified form as a prelude to the more detailed description 
that is discussed later. 

Generally, the present disclosure relates to semiconductor 
devices and manufacturing techniques in which a metal pillar 
configuration is improved so that exposure of material of the 
contact pad supporting the metal pillar to the ambient atmo 
sphere or to an etch chemistry after metal pillar formation is 
avoided or at least reduced. The exposure of the contact pad 
may be reduced by forming a protection layer above the 
contact pad and/or by forming a metal pillar which laterally 
extends over a portion of a passivation layer embedding the 
contact pad. 
The protection layer may be formed on the contact pad 

prior to forming the passivation layer and prior to forming a 
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6 
metal layer system providing an appropriate basis for the 
metal pillar formation. Thus, the etch process performed after 
pillar formation to remove the metal layer system does not 
attack the contact padas it is protected by the protection layer 
during the etch step. In other illustrative embodiments, the 
protection layer may be formed after the pillar on regions of 
the contact pad exposed between the passivation layer and the 
pillar. The protection layer avoids exposure of the contact pad 
to an ambient atmosphere in Subsequent manufacture, trans 
port and storage periods, which may last up to several weeks 
until the final packaging is performed. 

In case the exposure of the contact pad is avoided by 
forming pillars which laterally extend over the passivation 
layer, the etch chemistry—employed to remove the metal 
layer system—also does not attack the contact padas, in this 
case, the metal layer system is removed only from portions of 
the passivation layer. Consequently, the exposure of the con 
tact pad to ambient atmosphere is also avoided. Furthermore, 
since the metal pillar is laterally embedded by the passivation 
layer, the sheer forces that may occur during manufacturing 
and operating of the device may be at least partially trans 
ferred to the passivation layer so that the transfer to the dam 
ageable low-k dielectrics of the metallization system may be 
reduced so that the local stress load may be maintained at an 
acceptable level. 
One illustrative method disclosed herein includes forming 

a contact pad above a Substrate having circuit elements. The 
method further includes forming a protection layer protecting 
the contact pad. The method further includes depositing a 
passivation layer embedding the contact pad, forming an 
opening in the passivation layer and depositing a metal layer 
system. The method further includes forming a metal pillar on 
the metal layer system in the opening and removing exposed 
portions of the metal layer system. 
A further illustrative method disclosed herein includes pro 

viding a Substrate and forming a contact metal layer compris 
ing aluminum above the substrate. The method further 
includes forming a contact pad by patterning the contact 
metal layer and depositing a passivation layer embedding the 
contact pad. The method further includes forming an opening 
in the passivation layer to expose a portion of the contact pad 
and forming a metal layer system above the semiconductor 
device. The method further includes forming a metal pillar on 
the metal layer system in the opening and partially above the 
passivation layer so that a portion of the metal pillar is later 
ally embedded by the passivation layer and removing exposed 
regions of the metal layer system. 
One illustrative semiconductor device disclosed herein 

includes a contact pad and a protection layer formed on the 
contact pad. The semiconductor device further includes a 
passivation layer embedding the contact pad. Furthermore, a 
metal pillar is disposed above the contact pad and a metal 
layer system is disposed between the contact pad and the 
metal pillar. 
A further illustrative semiconductor device disclosed 

herein includes a contact pad comprising aluminum and a 
passivation layer embedding the contact pad. Furthermore, a 
metal pillar is arranged above the contact pad and partially 
above the passivation layer so that a portion of the metal pillar 
is laterally embedded by the passivation layer. Moreover, a 
metal layer system is disposed between the metal pillar and 
the contact pad and between the metal pillar and the passiva 
tion layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure may be understood by reference to the 
following description taken in conjunction with the accom 
panying drawings, in which like reference numerals identify 
like elements, and in which: 
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FIG. 1a schematically illustrates a cross-sectional view of 
a semiconductor device having a metal pillar configuration, 
according to a conventional design; 

FIG. 1b schematically illustrates a cross-sectional view of 
an integrated circuit including a semiconductor chip and a 
package Substrate connected by a pillar structure, according 
to a conventional design; 

FIGS. 2a-2h schematically illustrate cross-sectional views 
of a semiconductor device during various manufacturing 
stages in forming a metal pillar on a metallization system 
based on a metal pillar configuration comprising a protection 
layer, according to the present invention; 

FIGS. 3a-3f schematically illustrate cross-sectional views 
of a semiconductor device based on a metal pillar configura 
tion with a protection layer in which a lower portion of the 
metal pillar may be laterally embedded in a sub-layer of a 
passivation layer system, according to further illustrative 
embodiments; 

FIG. 4 schematically illustrates a cross-sectional view of a 
semiconductor device in which a lower portion of a metal 
pillar may be laterally embedded in a sub-layer of a passiva 
tion layer system, according to still further illustrative 
embodiments; and 

FIG. 5 schematically illustrates a cross-sectional view of a 
semiconductor device in which a protection layer is formed 
after a metal pillar, according to still further illustrative 
embodiments. 

While the subject matter disclosed herein is susceptible to 
various modifications and alternative forms, specific embodi 
ments thereof have been shown by way of example in the 
drawings and are herein described in detail. It should be 
understood, however, that the description herein of specific 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modifications, equivalents, and alternatives fall 
ing within the spirit and scope of the invention as defined by 
the appended claims. 

DETAILED DESCRIPTION 

Various illustrative embodiments of the invention are 
described below. In the interest of clarity, not all features of an 
actual implementation are described in this specification. It 
will of course be appreciated that in the development of any 
Such actual embodiment, numerous implementation-specific 
decisions must be made to achieve the developers specific 
goals, such as compliance with system-related and business 
related constraints, which will vary from one implementation 
to another. Moreover, it will be appreciated that such a devel 
opment effort might be complex and time-consuming, but 
would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 
The present disclosure will now be described with refer 

ence to the attached figures. Various structures, systems and 
devices are schematically depicted in the drawings for pur 
poses of explanation only and so as to not obscure the present 
disclosure with details which are well known to those skilled 
in the art. Nevertheless, the attached drawings are included to 
describe and explain illustrative examples of the present dis 
closure. The words and phrases used herein should be under 
stood and interpreted to have a meaning consistent with the 
understanding of those words and phrases by those skilled in 
the relevant art. No special definition of a term or phrase, i.e., 
a definition that is different from the ordinary or customary 
meaning as understood by those skilled in the art, is intended 
to be implied by consistent usage of the term or phrase herein. 
To the extent that a term or phrase is intended to have a special 
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8 
meaning, i.e., a meaning other than that understood by skilled 
artisans, such a special definition shall be expressively set 
forth in the specification in a definitional manner that directly 
and unequivocally provides the special definition for the term 
or phrase. 

Generally, the present disclosure provides semiconductor 
devices and techniques in which Sophisticated metallization 
systems and metal pillars may be efficiently used for provid 
ing electrical and thermal connections to semiconductor 
chips, wherein the reliability of the semiconductor device is 
improved by avoiding or reducing exposure of sensitive con 
tact pad material to aggressive etch chemistries and/or to the 
ambient atmosphere that may otherwise lead to removal or 
corrosion of the pad material. The exposure of the contact pad 
may be reduced by forming a protection layer above the 
contact pad and/or by forming pillars which laterally extend 
over a portion of a passivation layer embedding the contact 
pad. 
The protection layer may be formed on the contact pad 

prior to forming the passivation layer and prior to forming a 
metal layer system providing an appropriate basis for the 
metal pillar formation. Thus, the etch process performed after 
pillar formation to remove the metal layer system does not 
attack the contact padas it is protected by the protection layer 
during the etch step. In other illustrative embodiments, the 
protection layer may be formed after the pillar on regions of 
the contact pad exposed in a gap formed between the passi 
Vation layer and the pillar. The protection layer avoids expo 
Sure of the contact pad to an ambient atmosphere in Subse 
quent manufacture, transport and storage periods which may 
last up to several weeks until the final packaging is performed. 

Furthermore, metal pillars which laterally extend over a 
portion of the passivation layer embedding the contact pad 
may efficiently reduce the local stress load exerted by the 
metal pillars to the metallization layer system by transferring 
sheer stresses—occurring during manufacturing and operat 
ing the semiconductor device—to the passivation layer 
embedding the metal pillars. This is achieved by reducing the 
width or diameter of the corresponding opening in the passi 
vation layer relative to the diameter of the metal pillars. Con 
sequently, respective geometrical configuration of the metal 
pillar may be selected in accordance with well-established 
process strategies, that is, an appropriate height thereof may 
be used so as to ensure a proper spacing between the semi 
conductor chip and the corresponding package Substrate, 
while nevertheless a reduced local stress load may occur in 
the vicinity of the corresponding metal pillars, thereby allow 
ing the usage of Sophisticated metallization regimes. 

With reference to FIGS. 2a-2h, further illustrative embodi 
ments will now be described in more detail, wherein refer 
ence may also be made to FIGS. 1a-1b, if appropriate. 
FIG.2a schematically illustrates a cross-sectional view of 

a semiconductor device 200 in an advanced manufacturing 
stage. As illustrated, the semiconductor device 200 may com 
prise a substrate 201, such as a silicon substrate, an SOI 
Substrate and the like, as is required for the overall configu 
ration of the device 200. Moreover, a device level or semi 
conductor layer 202 may be formed above the substrate 201 
and may comprise a large number of circuit elements, such as 
transistors 255, capacitors (not shown), resistors (not shown) 
and the like, which may beformed on the basis of appropriate 
design rules corresponding to the device 200. For instance, 
critical dimensions of circuit elements in the device level 202 
may be approximately 40 nm or less, depending on the overall 
device requirements. It should be appreciated that, although 
the techniques disclosed herein are highly advantageous in 
the context of complex semiconductor devices, a correspond 
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ing regime for forming a pillar structure may also be advan 
tageously applied to less critical semiconductor devices in 
which the circuit elements may have critical dimensions of 
more than 40 nm. Furthermore, the semiconductor device 200 
may comprise a metallization system 210 which typically 
includes a plurality of metallization layers 220, 230, 240, at 
least Some of which may, in some illustrative embodiments, 
include sensitive dielectric materials, as previously dis 
cussed. Moreover, a last metallization layer 240 may have 
formed therein a metal region 245 on which a contact pad is 
to be formed. It should be appreciated that, in sophisticated 
metallization systems, the metal lines and vias may be pro 
vided on the basis of a copper material due to Superior char 
acteristics in view of thermal and electrical conductivity, as is 
also previously discussed. It should be appreciated, however, 
that also metallization systems including other materials, 
Such as aluminum, silver and the like, possibly in combina 
tion with other metals, may also be contemplated herein. 
Moreover, the metal region 245 may comprise any appropri 
ate barrier material (not shown), if required, in order to reli 
ably confine a corresponding metal. Such as copper, when a 
direct contact of the metal with the surrounding dielectric 
material 242 may be considered inappropriate. 
A contact metal layer 280 which may be comprised of any 

appropriate material. Such as aluminum or aluminum/copper, 
may be formed on the last metallization layer 240. In one 
illustrative embodiment, the contact metal layer 280 may 
comprise an alloy comprising at least approximately 90% 
aluminum. In a further illustrative embodiment, the contact 
metal layer comprises approximately 99 atomic percent and 
more aluminum and 1 atomic percent and less copper. In a 
further embodiment, the contact metal layer 280 may com 
prise an alloy comprising approximately 99.5% aluminum 
and approximately 0.5% copper. A protection material layer 
282, which may be comprised of any appropriate material 
which exhibits a desired adhesion to the contact metal layer 
280 and a desired etch resistivity with regard to the lowest 
respectively first layer of the subsequently deposited metal 
layer system 265 (see FIG. 2d), may be deposited on the 
contact metal layer 280. The protection material layer 282 
may comprise, e.g., titanium aluminum nitride (TialN), tita 
nium nitride (TiN), titanium (Ti), tantalum nitride (TaN) or 
tantalum (Ta). In one illustrative embodiment, the protection 
material layer 282 may be provided as a multilayer such as a 
double layer comprising a lower Sub-layer 282A and an upper 
sub-layer 282B. The lower sub-layer 282A may be provided 
as an adhesion and/or barrier layer comprising, e.g., titanium 
nitride (TiN), tantalum nitride (TaN) or the like. The material 
of lower sub-layer 282A may further be selected to provide a 
desired etch resistivity with regard to the lowest respectively 
first layer of the Subsequently deposited metal layer system 
265, when the upper sub-layer 282B is provided as a sacrifi 
cial layer. In one illustrative embodiment, the upper sub-layer 
282B may comprise the material of the contact metal layer 
280 so that the further deposition processes may be per 
formed in a well-established manner with a conventional 
process parameter setting. 
The semiconductor device 200 as shown in FIG.2a may be 

formed on the basis of the following process strategy. Circuit 
elements in the device level 202 as well as the metallization 
system 210 including the metallization layers 220, 230 and 
240 may be formed on the basis of well-established process 
strategies so that a high degree of compatibility with a desired 
technology standard and process flow may be maintained. 
The contact metal layer 280 may be blanket deposited on the 
metallization layer 240, e.g., by well-established chemical 
vapor deposition processes appropriate for forming confor 
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10 
mal conductive layers, e.g., aluminum layers, with a thick 
ness in the range of approximately 0.5-5 um. In one illustra 
tive embodiment, the aluminum layer may be deposited with 
a thickness in the range of approximately 1-3 um. The pro 
tection material layer 282 that may comprise the upper and 
lower sub-layers 282A, 282B may be blanket deposited on 
the metallization layer 240, e.g., by well-established chemi 
cal vapor deposition (CVD) or physical vapor deposition 
(PVD) processes appropriate for forming thin conformal lay 
ers. The protection material layer 282 may be deposited with 
a thickness in the range of approximately 10-100 nm. In one 
illustrative embodiment, the protection material layer 282 
may be deposited with a thickness in the range of approxi 
mately 20-50 nm. In a further illustrative embodiment, the 
upper and lower protection material layers 282A, 282B may 
be deposited with a thickness in the range of approximately 
5-50 nm, respectively. 
FIG.2b schematically illustrates a cross-sectional view of 

the semiconductor device 200 in a further advanced manu 
facturing stage. As illustrated, the contact metal layer 280 and 
the protection material layer 282 that may comprise the upper 
and lower protection material layers 282A, 282B are pat 
terned so that a contact pad 281 comprising a protection layer 
283 that may comprise the upper and lower protection sub 
layers 283A, 283B formed thereon are obtained by well 
established patterning techniques. The lateral size of the con 
tact pad is in the range of approximately 50-150 um. The 
patterning may be performed by well-established lithography 
and etch techniques. For convenience, the metallization layer 
and the underlying layers of FIG.2a are not depicted in FIG. 
2b and are represented by vertical dots in FIG. 2b and the 
following figures. 

FIG.2c schematically illustrates the semiconductor device 
200 in a further advanced manufacturing stage in which a 
passivation layer 261 is formed on the semiconductor device 
200 as depicted in FIG.2b. The passivation layer 261 may be 
blanket deposited on the entire substrate 201 by a conformal 
CVD process, wherein conformal means that the thickness on 
the entire substrate does not differ more than 20%. The pas 
Sivation layer 261 may comprise silicon nitride (SiN.), sili 
con oxide (SiO) or silicon carbon nitride (SiCN) and may 
have a thickness in the range of approximately 0.2-3 um. In 
one illustrative embodiment, the passivation layer 261 may 
have a thickness in the range of approximately 0.5-2 Lum. In 
the manufacturing stage shown, an opening 263 may be 
formed in the passivation layer 261 so as to extend to the 
protection layer 283 covering the contact pad 281. The width 
263W or diameter of the opening 263 may be chosen in 
accordance with well-established process strategies so that 
the corresponding characteristics of the passivation layer 261 
and also the opening 263 may be compatible with conven 
tional strategies for forming a metal pillar above the contact 
pad 281. That is, for a desired diameter of a metal pillar still 
to be formed of approximately 30-80 um, the width 263W of 
the opening 263 may be in the range of approximately 50-100 
lm. 
The passivation layer 261 may be formed, for instance, by 

depositing a corresponding dielectric material and Subse 
quently patterning the same by well-established lithography 
techniques. 

FIG. 2d schematically illustrates the semiconductor device 
200 in a further advanced manufacturing stage. As illustrated, 
a metal layer system 265 is blanket deposited on the substrate 
so that the passivation layer 261 and a portion of the protec 
tion layer 283 exposed in the opening 263 (FIG.2c) is covered 
by the metal layer system 265. The metal layer system 265 
may be advantageous in view of enhanced adhesion of a metal 
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for a pillar to be formed in the opening 263. For this purpose, 
any appropriate materials, such as chromium, copper, plati 
num, tantalum, tantalum nitride, titanium, tungsten and the 
like, or appropriate combinations of various materials may be 
used. In illustrative embodiments, a titanium/copper or tita 
nium-tungsten/copper metal layer system 265 may be pro 
vided. 

FIG.2e schematically illustrates the semiconductor device 
200 in a further advanced manufacturing stage in which a 
deposition mask 203. Such as a resist mask, is formed above 
the metal layer system 265. The resist mask 203 comprises an 
opening 203O, wherein the lateral dimension 203W of the 
opening 203O may correspond to the diameter of the lateral 
size of the metal pillar to be formed in the opening 203O. 

FIG.2f schematically illustrates the semiconductor device 
200 in an advanced manufacturing stage in which a metal 
pillar 266 is formed on the metal layer system 265 in the 
opening 203O (FIG. 2e). The metal pillar 266 may have a 
height of approximately 20-100 um. In one illustrative 
embodiment, the metal pillar 266 may have a height of 
approximately 30-60 Lum. The metal pillar 266 may comprise 
any appropriate material. Such as copper, aluminum, tungsten 
and the like. The metal of the pillar may be deposited by 
electroless deposition techniques, wherein the upper layer of 
the metal layer system 265 may act as a catalyzing material. 
In an illustrative embodiment, the metal pillar 266 comprises 
copper, which may be deposited by an electroplating process, 
wherein the metal layer system 265 may act as a seed layer 
and as a current distribution layer. The copper pillar 266 may 
comprise a cap layer 267 which may comprise a leadless 
solder material, such as a tin/silver alloy. Thus, the cap layer 
may facilitate the packaging process, wherein the attachment 
of the packaging Substrate is performed by means of a reflow 
process. The cap layer 267 may have a thickness of approxi 
mately 5-50 um. In one illustrative embodiment, the cap layer 
267 may have a thickness in the range of approximately 10-30 
lm. 
FIG.2g schematically illustrates the semiconductor device 

200 in a further advanced manufacturing stage in which 
exposed regions of the metal layer system 265 are removed. 
The removal of the layer 265 may be performed on the basis 
of an etch process 271 using well-established dry and/or wet 
etch chemistries depending on the material comprised in the 
metal layer system 265. The etch process 271 may be stopped 
in the protection layer 283 so that the employed etch chem 
istry does not attack and remove material of the contact pad 
281. In case the protection layer 283 is provided as a double 
layer comprising a lower Sub-layer 283A and an upper Sub 
layer 283B, the etch process 271 may be stopped at the upper 
sub-layer 283B or may remove the exposed portion of the 
upper sub-layer 283B partially or entirely so that a recess 
283R is formed in the protection layer 283 adjacent to the 
metal pillar 266. When the upper sub-layer 283B comprises 
aluminum, an additional etch process on the basis of diluted 
hydrofluoric acid may be performed to remove remaining 
exposed aluminum reliably so that the lower sub-layer 283A 
is exposed in recess 283R. In a further illustrative embodi 
ment, the exposed remaining aluminum may be oxidized, 
e.g., by a plasma oxidation process. 

FIG.2h schematically illustrates the semiconductor device 
200 after a manufacturing process forming a final passivation 
layer 262 that may, for example, comprise polyimide. Now, 
the Substrate 201 is ready for dicing and packaging. Since 
corresponding manufacturing processes are typically per 
formed in remote manufacturing environments, it may last up 
to several weeks in which the devices 200 are stored, trans 
ported or processed, wherein the devices may be subjected to 
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moisture and environmental chemicals so that, for example, 
corrosion of the contact pad material may be avoided due to 
the protection layer covering the contact pad material during 
these manufacturing processes. Furthermore, the contact pad 
material is also protected during packaging processes such as 
reflow and underfill processes so that these processes cannot 
adversely affect the contact pad material. Furthermore, the 
previously-described underfill process may be improved as 
the adhesion of underfill material to the protection layer 283 
may be improved compared to corroded contact pad material. 

With reference to FIGS.3a-3?, further illustrative embodi 
ments will now be described in detail, wherein reference may 
also be made to FIGS. 1a-1b and 2a-2h, if appropriate. 

FIG.3a schematically illustrates the semiconductor device 
300 in a manufacturing stage as depicted in FIG. 2C. The 
semiconductor device 300 may comprise a substrate 301, a 
device level or semiconductor layer 302 and a metallization 
system 310 comprising a metal region 345 formed above the 
substrate 301 as described with reference to FIG. 2a. The 
width 363W of the opening 363 formed in the passivation 
layer 361 is reduced compared to the width 263W of the 
opening 263 of device 200. The reduced width 363W is less 
than the width of a metal pillar 366 (FIG.3d) to be formed in 
the opening 363 and above the passivation layer 361. Thus, 
the width 363W is in the range of approximately 20-60 um. In 
one illustrative embodiment, the width 363W is in the range 
of approximately 30-50 um. 

FIG. 3b schematically illustrates a cross-sectional view of 
the semiconductor device 300 in which a metal layer system 
365 is formed in the opening 363 (FIG.3a) and on the passi 
vation layer 361. The metal layer system 365 is formed as 
described with reference to FIG. 2d, wherein, additionally, 
aspects concerning the adhesion of the metal layer system 
365 to the passivation layer 361 are more relevant, as the 
metal layer system 365 remains finally also on a portion of the 
passivation layer 361, as will be described with reference to 
FIG 3e. 
FIG.3c schematically illustrates the semiconductor device 

300 in a further advanced manufacturing stage in which a 
deposition mask 303, such as a resist mask, is formed above 
the metal layer system 365. The resist mask303 comprises an 
opening 303O, wherein the lateral dimension 303W of the 
opening 303O may correspond to the diameter of the lateral 
size of the metal pillar to be formed in the opening 303O. 
Contrary to the corresponding resist mask 203 of the semi 
conductor device 200 as depicted in FIG.2e, the width.303W. 
is greater than the width 363W of the opening 363 (FIG. 3a) 
formed in the passivation layer 361. 
FIG.3d schematically illustrates the semiconductor device 

300 in a further advanced manufacturing stage in which a 
metal pillar 366 which may comprise a cap layer 367 is 
formed on the metal layer system 365 in the opening 303O 
(FIG. 3c) as previously described with reference to FIG. 2f. 
The metal pillar 366 is formed in the opening 363 (FIG. 3a) 
and on portions of the passivation layer 361 so that a lower 
portion of the metal pillar 366 is laterally embedded by the 
passivation layer 361 and the metal layer system 365. 

FIG.3e schematically illustrates the semiconductor device 
300 in a further advanced manufacturing stage in which 
exposed regions of the metal layer system 365 are removed as 
previously described with reference to FIG. 2g. Since the 
metal layer system 365 is removed from the passivation layer 
361 only, the etch chemistry does not attack the material of the 
contact pad 381 and of the protection layer 383. 

FIG.3f schematically illustrates the semiconductor device 
300 after the final substrate-based manufacturing process for 
forming a final passivation layer 362 that may comprise any 
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appropriate passivation material. Such as, e.g., polyimide. 
The contact pad 381 of the semiconductor device 300 is 
completely encapsulated and consequently the contact pad 
material is protected during and between dicing and packag 
ing processes. Advantageously, a lower portion of the metal 
pillar 366 is laterally embedded in the passivation layer361 so 
that mechanical sheer forces that may occur during packaging 
and operating of the device may be at least partially trans 
ferred to the passivation layer 361 so that the sheer force 
components transferred to the damageable metallization 
layer system 310 may be substantially reduced. 

FIG. 4 schematically illustrates a semiconductor device 
400 that is formed by manufacturing strategies described with 
reference to FIGS. 3a-3f, which, however, does not—con 
trary to the device 300 comprise a protection layer 383 
formed on the contact pad 481. The semiconductor device 
400 may comprise a substrate 401, a device level or semicon 
ductor layer 402 and a metallization system 410 comprising a 
metal region 445 and may be formed as described with ref 
erence to FIG.2a. Further, a metal pillar 466 that may com 
prise a cap layer 467 may beformed on the metal layer system 
465 as described with reference to FIGS. 2d-2f. The semicon 
ductor device 400 may further comprise passivation layers 
461 and 462 as described with reference to FIGS. 2g and 2h. 
As the protection layer 383 depicted in FIG.3f protects the 

contact pad only during well-controlled manufacturing pro 
cesses as depicted, for example, in FIGS. 3a and 3b, the 
protection layer may be omitted, i.e., the metal layer system 
465 is formed directly on the contact pad 481 in this case, 
without unduly increasing the risk of damage of the contact 
pad material when the exposure of the contact pad during the 
processes described with reference to FIGS. 2b and 2c is 
optimized. Thus, semiconductor device 400 may also provide 
improved characteristics compared to conventional devices 
exposing the contact pad material to the atmosphere of the 
environment during and between dicing and packaging pro 
CCSSCS. 

FIG. 5 schematically illustrates a semiconductor device 
500 that is formed by manufacturing strategies described with 
reference to FIGS. 2a-2h, however, a protection layer 583C is 
formed only on the exposed regions of the contact pad 581 
after removal of the exposed portions of the metal layer sys 
tem 565. The semiconductor device 500 may comprise a 
substrate 501, a device level or semiconductor layer 502 and 
a metallization system 510 comprising a metal region 545 and 
may be formed as described with reference to FIG.2a. Fur 
ther, a metal pillar 566 that may comprise a cap layer 567 may 
be formed on the metal layer system 565 as described with 
reference to FIGS. 2d-2f. The metal layer system 565, how 
ever, is formed directly on the contact pad 581. The semicon 
ductor device 500 may further comprise passivation layers 
561 and 562 as described with reference to FIGS. 2g and 2h. 
The protection layer 583C may be formed selectively on 

exposed regions of the contact pad 581 disposed between the 
metal pillar 566 and the passivation layer 561. The protection 
layer 583C may comprise a dielectric or a metallic material 
which may be formed by well-known deposition processes, 
Such as chemical vapor deposition (CVD), electroless plating 
or atomic layer deposition (CVD) that may by performed 
selectively to pillar and passivation materials. In an illustra 
tive embodiment, a metallic material of the protection layer 
583C may comprise, e.g., tungsten. 

Thus, semiconductor device 500 may also provide an 
improved characteristic compared to conventional devices 
exposing the contact pad material to the atmosphere of the 
environment during and between dicing and packaging pro 
cesses as described with reference to FIG. 2h. 
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As a result, the present disclosure provides semiconductor 

devices and manufacturing techniques in which metal pillars 
providing the required electrical and thermal connection to a 
package Substrate are arranged on contact pads which are 
protected during and between manufacturing, dicing and/or 
packaging processes and/or during etch processes performed 
to remove metal layers from the device in final substrate 
based manufacturing stages. The contact pad material may be 
covered by a protection layer formed thereon prior or after 
metal pillar formation or may be protected by the metal pillars 
itself, thereby concurrently improving mechanical stress dis 
tribution, in particular, in low-k metallization layers of 
advanced semiconductor devices. 
The particular embodiments disclosed above are illustra 

tive only, as the invention may be modified and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the benefit of the teachings herein. For example, 
the process steps set forth above may be performed in a 
different order. Furthermore, no limitations are intended to 
the details of construction or design herein shown, other than 
as described in the claims below. It is therefore evident that 
the particular embodiments disclosed above may be altered or 
modified and all such variations are considered within the 
Scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims below. 

What is claimed: 
1. A method, comprising: 
forming a contact pad above a substrate comprising circuit 

elements; 
forming a conductive protection layer protecting said con 

tact pad; 
depositing a passivation layer embedding said contact pad 

and covering said conductive protection layer; 
forming an opening in said passivation layer; 
depositing a metal layer system; 
forming a metal pillar on said metal layer system in said 

opening; and 
removing exposed portions of said metal layer system to 

expose a portion of said conductive protection layer. 
2. The method of claim 1, whereinforming said contact pad 

and said conductive protection layer comprises: 
forming a contact metal layer above said Substrate; 
forming a conductive protection material layer above said 

contact metal layer, and 
forming said contact pad by patterning said conductive 

protection material layer and said contact metal layer. 
3. The method of claim 1, wherein said conductive protec 

tion layer protects said contact pad during removal of said 
exposed portions of said metal layer system. 

4. The method of claim3, wherein said conductive protec 
tion layer comprises titanium aluminum nitride, titanium 
nitride, titanium, tantalum nitride or tantalum. 

5. The method of claim 2, wherein said conductive protec 
tion layer is provided as a double layer comprising an upper 
and a lower Sub-layer, wherein said upper Sub-layer com 
prises the same material as said contact metal layer. 

6. The method of claim 2, wherein said conductive protec 
tion layer is provided as a double layer comprising an upper 
and a lower Sub-layer, wherein said upper Sub-layer com 
prises aluminum. 

7. The method of claim 1, wherein said passivation layer 
comprises at least one of silicon nitride, silicon oxide and 
silicon carbon nitride. 

8. The method of claim 5, wherein said metal layer system 
comprises at least one of a Ti/Cu layer system and a TiW/Cu 
layer system. 
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9. The method of claim 1, wherein said contact metal layer 
comprises approximately 99 atomic percent and more alumi 
num and 1 atomic percent and less copper. 

10. The method of claim 1, further comprising forming a 
cap layer comprising tin and silver on said metal pillar. 

11. A semiconductor device, comprising: 
a contact pad; 
a horizontal protection layer disposed on an upper surface 

of said contact pad; 
a passivation layer embedding said contact pad; 
a metal pillar disposed in an opening in said passivation 

layer and above said contact pad, said opening exposing 
an upper surface portion of said horizontal protection 
layer between said metal pillar and a sidewall of said 
opening; and 

a metal layer system disposed between said contact pad 
and said metal pillar. 

12. The semiconductor device of claim 11, wherein said 
horizontal protection layer comprises titanium aluminum 
nitride, titanium nitride, titanium, tantalum nitride or tanta 
lum. 

13. The semiconductor device of claim 11, wherein said 
horizontal protection layer comprises an upper sub-layer and 
a lower Sub-layer, said upper sub-layer comprising the same 
material as said contact pad. 

14. The semiconductor device of claim 11, wherein said 
horizontal protection layer is laterally confined between said 
metal pillar and said sidewall of said opening in said passi 
Vation layer. 

15. The semiconductor device of claim 11, wherein said 
contact pad comprises approximately 99 atomic percent and 
more aluminum and 1 atomic percent and less copper. 

16. The semiconductor device of claim 11, wherein said 
horizontal protection layer is disposed between said contact 
pad and said metal layer system. 

17. The method of claim 16, wherein said protection layer 
is formed selectively on an exposed portion of said contact 
pad. 

18. A method, comprising: 
forming a contact pad above a substrate comprising circuit 

elements; 
depositing a passivation layer embedding said contact pad; 

10 

15 

25 

30 

35 

40 

16 
forming an opening in said passivation layer; 
depositing a metal layer system; 
forming a metal pillar on said metal layer system in said 

opening: 
removing exposed portions of said metal layer system; and 
forming a protection layer after removing said exposed 

portions of said metal layer system, said protection layer 
protecting said contact pad. 

19. A method, comprising: 
forming a contact pad above a substrate comprising circuit 

elements; 
forming a protection layer protecting said contact pad, 

wherein said protection layer comprises an upper sub 
layer and a lower sub-layer, said upper sub-layer com 
prising a same material as said contact pad; 

depositing a passivation layer embedding said contact pad; 
forming an opening in said passivation layer; 
depositing a metal layer system; 
forming a metal pillar on said metal layer system in said 

opening; and 
removing exposed portions of said metal layer system. 
20. The method of claim 1, further comprising, after 

removing exposed portions of said metal layer system to 
expose said portion of said conductive protection layer, form 
ing a final passivation layer above said passivation layer, 
dicing said substrate into a plurality of chips, and packaging 
at least one of said plurality of chips to a respective carrier 
Substrate. 

21. The method of claim 1, wherein exposing said portion 
of said conductive protection layer comprises forming a 
recess in said conductive protection layer. 

22. A semiconductor device, comprising: 
a contact pad; 
a protection layer formed on said contact pad, wherein said 

protection layer comprises an upper sub-layer and a 
lower sub-layer, said upper sub-layer comprising a same 
material as said contact pad; 

a passivation layer embedding said contact pad; 
a metal pillar disposed above said contact pad; and 
a metal layer system disposed between said contact pad 

and said metal pillar. 


